Objectives: The aim of this study was to analyse the trend in azithromycin susceptibility (AzDS) of Neisseria gonorrhoeae in Scotland between April 2004 and December 2007, and to characterize isolates exhibiting decreased AzDS or high-level azithromycin resistance (AzHLR).
Introduction
Antibiotic resistance surveillance for Neisseria gonorrhoeae is performed in order to detect the emergence and dissemination of new resistance phenotypes and to inform national empirical treatment guidelines accordingly. Ideally, resistance monitoring should be combined with a highly discriminatory typing scheme and the collection of epidemiological data: this permits the detection of sexual networks and offers the potential for targeted intervention to control the onward transmission of certain strains. 1 The Scottish Bacterial Sexually Transmitted Infections Reference Laboratory (SBSTIRL) performs antibiotic resistance monitoring on isolates from all cases of gonorrhoea diagnosed by culture in Scotland, and in April 2004 adopted N. gonorrhoeae multiantigen sequence typing 2 (NG-MAST) as the routine typing method. This is a highly discriminatory sequencebased typing method, which differentiates between strains on the basis of the sequence variation of two genes (por and tbpB).
Isolates with high-level azithromycin resistance (AzHLR; MIC 256 mg/L) were first detected in 2004. 3 The aim of this study was to investigate the characteristics of gonococcal strains demonstrating decreased susceptibility to azithromycin (AzDS) or AzHLR and their associated patient demographics.
Materials and methods
All isolates received by the SBSTIRL during the period April 2004 to December 2007 were included in the study. Isolates were grown on modified New York City medium (bioMérieux, Basingstoke, UK) at 37ºC, 5% CO 2 . Isolates were confirmed as N. gonorrhoeae, and their antibiotic susceptibility to azithromycin, cefixime, ceftriaxone, ciprofloxacin, penicillin, spectinomycin and tetracycline was determined as described previously. 4 Etests (AB Biodisk, Sweden) were also performed according to the manufacturer's instruction for those isolates with an azithromycin MIC 1 mg/L. AzDS was defined as MIC 1 mg/L supported by an Etest 0.75 mg/L but ,256 mg/L. Although a resistance category has not been defined for azithromycin, for the purposes of this study, those isolates with an azithromycin Etest 256 mg/L were termed high-level resistant (AzHLR) and were separated from the AzDS category.
NG-MAST was performed on all isolates as described previously. 4 The demographic data collected included geographical location of the clinic the patient attended, patient gender and age. Epidemiological information on all cases of gonorrhoea in genitourinary medicine clinics in Scotland is submitted to the sexually transmitted infection surveillance Scotland (STISS) web-based coding system; this was used to determine the patient's sexual orientation by matching with case numbers. To better understand the transmission links, one of us (A. W.) reviewed the partner notification interviews of 31 selected cases infected with sequence type (ST) 470. Every case of gonorrhoea was counted as an index case.
An episode of infection was defined as one or more isolates of N. gonorrhoeae of the same ST isolated from a patient within a 4 week period. The 3326 isolates were subdivided by NG-MAST into 642 STs. Thirteen of 642 STs contained AzDS or AzHLR isolates (Table 1) . Five STs were represented by only one isolate. The remaining eight STs contained isolates from more than one azithromycin susceptibility category, while the MIC values for the other six antibiotics tested were, with few exceptions, consistent within any given ST. The azithromycin MIC distribution is shown in Table 2 ; in the STs containing AzDS or AzHLR isolates, the majority of the susceptible isolates had MIC values between 0.12 and 0.5 mg/L, whereas the majority of the isolates of all other STs were more broadly distributed between the 0.03 and 0.25 mg/L MIC categories. The MIC range for AzDS isolates was 1-4 mg/L. There were no isolates with an MIC between 4 and 256 mg/L. The proportion of AzHLR increased every year.
Results

SBSTIRL received isolates
Among STs containing five or more AzDS or AzHLR isolates, ST470 was the most common ST during 2004 -06, but ST649 was the most common by 2007. Most STs containing AzDS or AzHLR isolates (9/13, 69%) shared the same tbpB allele. Of these, ST649, ST1377 and ST1704 each differed from ST470 by 1 nucleotide in their por allele, ST1443 and ST2193 each differed by 2 nucleotides, ST359 differed by 10 nucleotides, and ST1929 and ST2152 each differed by 12 nucleotides. Most AzHLR isolates (46/47, 98%) were found among the STs that differed from each other by only one or two nucleotides.
Patient demographics for those STs represented by more than five AzDS or AzHLR isolates are given in Table 3 . ST359 isolates were predominantly cultured from men who have sex with men, whereas the remaining four STs were isolated from heterosexual patients. With one exception (ST359), the mean age of those infected with AzDS and AzHLR isolates was not markedly different from the mean age for patients infected with isolates that were susceptible to azithromycin for any given ST.
STs represented by AzDS or AzHLR isolates were obtained mainly from patients who attended clinics in the west of Scotland (Greater Glasgow and Clyde, Ayrshire & Arran and Lanarkshire health boards) with the exception of ST359, which was isolated from patients attending clinics in Lothian (principally Edinburgh has not yet been established for N. gonorrhoeae, decreased susceptibility to azithromycin (with a reported MIC range 1 -8 mg/L) has been observed since the early 1990s in Canada, the Caribbean, Cuba, Spain, Sweden and the USA. 6, 7 This is the first report of N. gonorrhoeae isolates exhibiting azithromycin MIC 256 mg/L. Gonococcal isolates exhibiting AzDS or AzHLR have occurred over several years within a small number of STs that, on the basis of their tbpB and por alleles, are genetically closely related. Most STs containing AzDS or AzHLR isolates also contain susceptible isolates and there is no apparent demographic separation between patients with AzDS, AzHLR and susceptible isolates within any given ST (except perhaps ST1704, but the number of isolates is very small). Conversely, although these STs appear genetically related, their distribution over time suggests that they represent discrete sexual networks. Thus, it would appear that the development of resistance to azithromycin may have occurred several times within these different STs.
The most successful of these STs (ST470 and latterly ST649) was transmitted heterosexually among a young age group (20-26 years old) primarily within Greater Glasgow and Clyde, and neighbouring health boards. The use of traditional partner notification fails to identify such clusters of related infections as patients often only report anonymous partners or contacts that prove to be untraceable. Indeed, in the absence of highly discriminatory typing data, it would have been highly likely that the relationship between isolates with such different azithromycin susceptibilities would have remained undetected. The proven successful spread of these STs over several years make them prime candidates for enhanced surveillance and, if highly specific behaviours are identified (e.g. meeting partners at particular venues), targeted intervention may be possible to interrupt onward transmission as demonstrated for ST225 in Sydney, Australia.
1 Development of azithromycin resistance may have occurred as a response to exposure to sublethal levels of azithromycin resulting from treatment for Chlamydia trachomatis according to the national guidelines.
8 First-line use of azithromycin is likely to increase particularly since generic prescribing has been possible since 2006. It is interesting to note that the mean age of patients for the three STs containing the majority of the AzHLR isolates (ST470, ST649 and ST1704) is 20 -26 years, given that the focus of chlamydial testing is on the under 25 age group. 9 The demonstration of increasing levels of azithromycin resistance in N. gonorrhoeae argues strongly against the use of a 1 g azithromycin dose as a treatment for gonorrhoea that has been suggested by Habib and Fernando. 10 Instead, it is now vital to ensure that all patients with dual infection who were initially treated only for chlamydia are recalled and treated with a recommended antibiotic therapy for gonorrhoea. This also highlights the potential value of dual molecular testing for gonorrhoea and chlamydia in order not to under-treat gonorrhoea with inadequate azithromycin dosing.
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